Abstract
year of transplant (p < 0.0001 for 1997-2005), Epo-therapy post-transplant (p = 0.001), hypotension donor (p = 0.027), cold ischemia time (p = 0.023), anastomosis time >50 min (p = 0.008), delayed graft function (p = 0.003) and deceased donation (p = 0.039). The percentage of patients who died was 5.6%. Overall patient survival rates were 99.3% after 1 year, 95.2% after 5 years, 94.2% after 10 years and 90.7% after 15 years. Various types of infections (42.9%) were the main causes of death. Conclusions: The main causes of death after kidney transplantations in paediatric recipients are malignancy and infections. To avoid vascular complications especially in young recipients (<9 years), the cold ischemia time should be as short as possible.
Introduction
Renal transplantation remains the treatment of choice for children with end-stage renal disease (ESRD). It confers improved survival, growth and health-related quality of life compared to dialysis [1] [2] [3] . Due to new immunosuppressive medication, a decreased number of rejections and improvement of transplant-and patient outcome is seen. Since children receiving kidney transplants have a long expectancy of life, it is particularly important to maximize graft function and graft survival in this population. Many times, children's growth and development are already impaired in early stages of chronic renal disease. Forty percent of children with end-stage renal failure are situated below the 3rd percentile in growth curves [4] . Kidney transplantation can be considered the best therapy for ESRD. There are about 3,000 renal transplantations performed per year [5] . The mortality rate is 4-5 fold higher when dialysis is performed compared to organ transplantation [1] .
Chronic transplant rejection is the most common reason for graft loss among children [4] . Further reasons for chronic graft dysfunction are acute rejection, toxicity following the application of calcineurin inhibitors, recurrence of the underlying renal disease process within the graft as well as cases of de-novo glomerulonephritis [4] .
In literature, the 5-year graft survival is 85% for living donation recipients and 78% for deceased donation recipients [6] . The overall patient survival has been constantly improved within the past years. Smith et al. [7] reported 3-year survival rates of 95% for living donation recipients and 93% for deceased donation recipients. Infections, neoplasia and cardiopulmonary diseases continue to be the most common reasons for recipients' death [6] .
Periods awaiting the transplantation, followed by extended duration of renal replacement therapy, are known to negatively influence the graft function and patient survival. Pre-emptively performed transplantations therefore lead to improved graft survival [8] . Approximately 20% of transplantations in children are performed preemptively [8] .
Arterial hypertension significantly increases the risk for cardio-vascular morbidity and mortality. The prevalence of hypertension following kidney transplantation is about 50-80%, the aetiology being multifactorial [9] . The most common reasons for hypertension are presence of diseased native kidneys, pre-existing hypertension, renal artery stenosis as well as chronic allograft nephropathy [10] . Left ventricular hypertrophy is a common result of end-organ damage in transplanted children [10] . Persisting growth retardation is associated with a worse medical outcome such as higher risk of re-hospitalization and has a major impact on the patients' quality of life [11] . To achieve improved results concerning the patients' growth, pre-emptive transplantation should be considered in addition to growth hormone treatment and application of new immunosuppressive drugs followed by long-term immunosuppression without steroid intake [2] . Post-transplant growth spurts can be observed as physiological reaction in children of all ages within the first 6 months following transplantation [6] . Basic reason is steroid intake as well as the ending of alimentary restrictions. Obesity, however, increases the risk in cardiovascular disease and is considered an independent major risk factor for decrease in graft function [12] . The objective is therefore to initiate steroid-sparing protocols and as well as regular blood pressure assessments. Similarly, the nutritional intake should be optimized and patients should be encouraged to physical activities. With a prevalence of 33% post transplantation, urinary infections are considered an additional factor influencing the outcome of transplant recipients [13] . Basic risk factors could be identified such as urinary tract malformations, use of immunosuppressive drugs and urinary catheters [13] . Regular control and treatment for urinary infection are crucial to minimize the risk of decrease in long-term graft function [13] .
The aim of the present study was to evaluate the patient-and transplant outcomes over the time and to identify factors associated with poor outcomes.
Materials and Methods
The entire analysis was performed with regard to the terms of the Charité Medical University of Berlin ensuring correct scientific research work ("Good Scientific Practice," version 06/10/14). The present study is a retrospective analysis and all patient data are anonymized.
Our database included paediatric renal transplant recipients up to 21 years of age from January 1997 to December 2013. Recipients, who were transplanted at other centres, but treated in our hospital, were excluded from this study. The following preoperative parameters were evaluated: patients and donors demographic data (age, body weight and height, donors condition (e.g., hypotonic episodes), patients primary disease, type and duration of dialysis, previous operations, type of transplant, number of transplant, infectious parameters such as EBV status and pre-transplant transfusions.
We evaluated intraoperative parameters such as operating technique, intraoperative complications, ischemia time and postoperative parameters as function of transplant, immunosuppresLong-Term Follow-Up after Paediatric Kidney Transplantation sive therapy, rejection episodes, and further developmental parameters of the transplanted patient, such as re-hospitalization, medication, blood pressure, serum creatinine, compliance. For evaluating the data, we used information from hospital archive, Eurotransplant and SAP system. Furthermore, we used an onlinecalculator (www.4c-study.org-calculators) for calculating height age, height SD score, body mass index, body mass index SD score for height age.
Statistical Analyses
Statistical analyses were performed with SPSS 22 (IBM Corporation, Somers, NY, USA). Several non-parametric tests (MannWhitney U test, Kruskal-Wallis test) were performed. Categorical variables were evaluated using the chi-square test. Predictors of graft survival were analysed by multivariable adjusted logistic regression. A p value of less than 0.05 was considered significant.
Results

Patient Characteristics
In the present study, 143 paediatric transplants were included -47% girls and 53% boys. The mean age at transplant was 11.5 years, with 18% of the children being younger than 5 years at the age of transplant. The most common diagnosis was "congenital anomalies of the kidney and urinary tract" and other complex malformations associated with renal failure (34.1%) followed by glomerulopathies (22.7%), haemolytic uremic syndrome (13.5%), tubulopathies (12.9%) and renal failure of other reasons. Living donation was performed in 24.5% of the cases.
Graft and Patient Survival
Overall mortality was 5.6%. Overall survival rate was 99.3, 95.2, 94.2, and 90.7% after 1, 5, 10, and 15 years respectively. Causes of death were post-transplant lymphoproliferative disease (PTLD) 28%, myocarditis 28%, sepsis 14%, suicide 14% and traumatic events 4%.
Graft survival rates were 92.2, 85.5, 71.1, and 62.1% after 1, 5, 10, and 15 years respectively.
Causes of graft failure were chronic rejection 43%, acute rejection 11.4%, vascular problems 14.3%, infections 5.7%, recurrence of primary disease 8.6% and graft failure of unknown origin 7.1%. Figure 1 shows that the cumulative graft survival depends on cold ischaemia time. The comparison of living and deceased donation regarding graft and patient survival showed a statistically significant difference (p = 0.039). Figure 2 shows a KaplanMeier-Curve regarding cumulative graft survival.
The most common reason for graft failure was chronic graft failure or graft dysfunction (42.9%). Other reasons were vascular complications such as arterial and vein thrombosis or arterial stenosis (14.3%) or acute rejections (11.4%). Infectious reasons for graft loss were BK-virus and myocarditis. The mean age at the time of graft failure was 16.1 ± 6.7.
Surgical Complications
Intra-and postoperative complications occurred in 55.2% of the cases. Within the complication group, a graft failure was 30.4% and more often seen compared to the non-complication group (p = 0.068). The most common complications were vascular events (29.3%).
Renal artery stenosis occurred in 9.1% of all recipients. Renal artery thrombosis and renal vein thrombosis occurred each at the rate of 1.4%. All recipients developing arterial or venous thrombosis experienced graft failure. Further complications were urological type (20.3%), lymphocele (19.5%), bleeding (12%), infections (7.5%) and abdominal complications (12.5%) such as ileus and subileus.
Discussion
Kidney transplantation plays an important role for children with ESRD. Through the transplant, the children have the chance to complete a healthy development of the kidneys. Furthermore, they have a significant survival advantage in comparison to dialysis [1, 14] . Both for the living donation as well as for deceased donation, within the last decades, the graft survival could be improved [6, 15] . Smith et al. [6] showed an improved graft survival for the era 2003-2010 in comparison to 1987-2002. The present study showed equally results for deceased donation, partly better graft survival rates for living donation in comparison to Smith et al. [6] . The share of living donations in comparison to other studies was the same or slightly higher [5, 16] . The overall short-and long-term graft survival after living donation was comparable to that reported in the literature [16] .
Vascular thromboses are one of the most common causes of transplant losses after chronic transplant rejection [7] . The present study confirmed this statement. Thromboses occurred with a frequency of 2.8%. All patients experienced a graft failure. There are various risk factors for the occurrence of transplant thromboses. The following factors can have an influence: deceased donation, cold ischaemia time >24 h, multiple transplants, peritoneal dialysis, more than 5 blood transfusions, donor age or recipients <6 years, thrombophilia and low blood pressure during transplantation [4, 7, 17] . In order to avoid thromboses or renal artery stenosis, especially in cases of young recipients (age <9 years), the cold ischaemia time should be as short as possible. In our study, these complications occurred in cases of young recipients (age <9 years) and with a cold ischemia time >24 h. Mehrabi et al. [16] showed that severe hypotension of the donor is a risk factor for hypoxic damage of the renal graft. The present study could confirm this hypothesis. "Hypotension donor" was a significant influencing factor on graft survival. It seems to affect the long-term graft survival and favoured a chronic transplant failure. The 1-and 5-year graft survival (95 and 89%) was slightly better compared with the literature [16] . The difference could be attributed to the fact that the comparative study dates back to 2004 or a more recent period [16] . If you look at only the living donor recipients in more recent literature, the graft survival rates are better (98.4% 1-year, 94.2% 5-year) [6] . The graft survival of deceased donation was comparable with the literature [6] . The deathcensored graft survival after 15 years of follow-up was almost 60%. Studies showed that the 3-year graft survival of children by deceased donation has improved from 78.5% in the period from 1987-1995 to 92.8% in 1996 and from 89.8 to 94.8% in living donation [7] . Within the investigated patient group, the 3-year patient survival was 96.8 vs. 97.9% for the 1997-2005 period vs. 2005-2013. It was also comparable or slightly higher compared with literature [7] . The most common causes of death are infections, cardiopulmonary causes and malignant diseases, with nearly half of the patients dying with a functioning graft [6] . Infections, followed by the PTLD, were the most frequent causes of death according to the present study, so that this finding could be confirmed. Contrary to the above-mentioned study, the proportion of children who died with a functioning transplant was less than 50%. The statement in the literature that the PTLD represents a significant mortality factor among kidney transplanted children could be confirmed [7, 18] . The incidence of PTLD was comparable to that reported in other studies of 6.9 and 4.4% [19, 20] . The median time after kidney transplantation up to the onset of illness differs strongly in the literature with information between 7.2 months and 3.2 years [19, 20] . In our study, we found a value of 1.7 years. The increased incidence of PTLD among children who received growth hormone therapy prior to kidney transplantation is controversially discussed in the literature [21] . Within the investigated patient group, no correlation could be detected, whereby the overall small number of cases of children affected by a PTLD must be considered. As an alternative to dialysis, AB0-incompatible kidney transplantation should also be considered as an effective treatment with acceptable incidence of developing malignant tumours or infections [22] .
Conclusion
The main causes of death after kidney transplantations in paediatric recipients are malignancy and infections. Long-term problems are hypertension, cardiovascular diseases, development of growth and weight, urinary tract infections and malignancy. To avoid vascular complications especially in young recipients (<9 years), the cold ischaemia time should be as short as possible.
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